The maximum dry yields were obtained in the twin-row arrangement (1 m between and 0.5 m inside) in the second and third years of cultivation. Spacing effected the number of branches, age of the plants influenced almost all of the production characteristics. We found a significant interaction between the examined factors in case of the shoot mass, stem mass and number of flowers.
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Origanum is one of the most famous and widespread aromatic plants in the Mediterranean area, where, since ancient times, it has been largely used in traditional medicine. Today, a strong interest is devoted to it, due to the new scientific results, which demonstrate its effectiveness as a source of antioxidant and antimicrobial principles (Carruba and Calabrese, 1998) . Oregano is, moreover, one of the crops, which proved to be successful as a crop for organic production. As interest in the plant increased production levels in certain Mediterranean areas have increased and now it is covering some hundred hectares. Unfortunately, the advancement of cultivation techniques has not developed to such an extent and in many places the cropping management is simpl the same as that used for the smaller home cultivation. Therefore development of modern cropping techniques, able to enhance crop productivity seems to be a very important goal of practical research.
The increase of plant density is one of the most effectual techniques in "sustainable" agriculture: it is claimed to have a positive effect on crop yield by decreasing weed growth and ensuring a more complete covering of soil (Caporali, 1991 , Francis et al., 1990 . Nevertheless, in semiarid environments, characterised by a limited water supply, the increase of plant density and the related increase of intraspecific competition could set a limit to the yield potential of the plant individuals. In these environments, the choice of the optimum distance between rows is therefore particularly important. It must be noted that in organic cropping systems weeds may be controlled only mechanically, and in most cases, few possibilities are left to the farmer to choose the distance between rows, which must be large enough to let the machines pass between. Among others a twin-row arrangement might be a good solution to enhance biomass yield and assure a satisfactory mechanical weed control at the same time.
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Aim of the cultivation trial was to evaluate the bio-agronomical behaviour of a Sicilian biotype of Origanum heracleoticum Link (Ietswaart) when grown under three different row arrangements. Origanum cuttings, collected from healthy and vigorous three-year old mother plants, were put in rows 25 cm wide on October 16 th 1996, and observed during 1997, 1998 and 1999. A two factorial (spacing and vegetation year) randomised complete block design with three replications was arranged, and the following three treatments were compared: wide row space (WR: 1 m between rows), a narrow row space (NR: 0.5 m between rows) and a third one arranged in twin rows (TR: 1 m between twin rows and 0.5 m inside twin rows); in each treatment, the distance between plants was set at 0.5 cm, obtaining 2, 2.66 and 4 plants m 2, respectively. The experiment was done in Sparacia (Cammarata -AG -Sicily; 37° 38' N-13°46' E; 415 m a.s.l.) in a typical semi-arid Mediterranean environment (Fig. 1) . The main physical and chemical characteristics of the soil are classified as a vertic xerofluvent (Anonymous, 1975) and are reported in Table 1 .
In each year the flowering shoots were harvested at flowering time. Five plants for each plot were chosen for measurements of plant height, fresh and dry mass and number of ramifications. Dry mass was obtained after drying in stove (105 °C for 24 h) a fresh biomass sample of 100 g. The collected data were submitted to statistical analysis according to the experimental scheme, as suggested by Gomez and Gomez (1984) .
RESULTS
According to the results (Table 2) significant interactions between the two factors under study (Year x Row arrangement) occurred in three cases: dry mass of shoot (significant at a probability level < 0.05), number of flowers per plant (P < 0.01), and dry mass of stems per plant (P < 0.001). In order to allow a more direct evaluation of data, and therefore a more correct interpretation of these interactions, a graphical representation is shown in Figures 2 and 3. As for total dry yield, in the first cultivation year the values are small, with no significant differences; in the second and third years, a strong differentiation in yields appears as an affect of spacing. The maximum values (3944.3 and 4431.5 kg/ha) in the second and third cropping year, respectively may be found in the TR plants, whereas the lowest ones (1772.2 and 1694.8 for the two years respectively) have been recorded in the WR. Fig. 3 shows the variations recorded on the number of flowers per plant, which are fewer in the first year of cultivation but show a sharp increase afterwards, expressing the maximum value (1412 flowers/plant) in the LR plants in 1998.
The dry mass of stems is proportionally increasing from one year to the following, representing therefore a more and more important component in the biomass yield. The Fig. 4 shows the production of different organs (stems, flowers and leaves) in the three years of trial; it may be observed how the older plants grow more woody, and the proportion of the commercial product (inflorescence + leaves) which is around 50 % of total biomass, becomes lower in the third year. Spacing had no considerable effect on this parameter.
The other examined production parameters did not express any significant interaction concerning the Y x RA, showing a substantial additive behaviour for these two sources of variability.
The average height of plants seemed to be affected by the age of plants themselves: from the first to the third year the plant height increased by 53.7 % (38.9 vs. 61.2 cm). The number of branches per plant showed a similar trend, but it was affected by the row arrangement as well, even if with a lower intensity.
DISCUSSION
The performed experiment showed that in semi-arid environments, biomass yield of Origanum is not a simple function of plant density. The tendencies of dry mass growth did not follow that of plant density, demonstrating that some other production factors occurred. In the wide row arrangement, plants had a better possibility to develop more branches per plant and -in the first two cropping years -to generate a higher number of flowers. On the contrary, the narrow row arrangement gave a minimum flower production per plant; this was not balanced by the higher number of plants for unit area, leading to rather low yields. The highest yields were obtained on the plots arranged in twin rows, which seems to assure the best compromise between plant density and yield per plant. The twin rows arrangement seems therefore to be advisable to oregano growers in semi-arid environments, being able to assure both a satisfactory yield and the possibility to perform an effective mechanical weed control. 
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